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by the surrounding genome sequences, a phenomenon known as position effects.  Matrix attachment elements (MAR) 
are segments of DNA that anchor chromosomes to the nuclear matrix. Inclusion of a MAR upstream and/or downstream 
of genes in transformation constructs has sometimes resulted in higher and/or more copy-number dependent transgene 
expression levels. MAR elements have been identified in the 5’ flanking regions of the Glu-D1 genes that encode high-
molecular-weight glutenin subunits Dx5 and Dy10.  To test the effects of flanking sequences on transgene expression in 
wheat endosperm, we transformed Bobwhite wheat with four constructs that express the uidA (GUS) marker gene under 
control of the promoter of the wheat 1Dy10 HMW-glutenin gene.  One construct consists of the GUS-coding region 
flanked by about 2,800 bp upstream of the start codon of the native 1Dy10 gene and about 2,000 bp downstream of the 
stop codon of the native 1Dx5 HMW-glutenin gene.  The second construct contains a 425-bp version of the 5’ flank-
ing sequence that comprises the 1Dy10 gene promoter but lacks the MAR region upstream.  The third construct has the 
nopaline synthase transcription terminator (Nos 3’) in place of the 3’ regions from the 1Dx5 gene.  The fourth construct 
contains GUS flanked by the 425-bp version of the promoter and the Nos 3’ transcription terminator.  Fifteen to twenty 
independent transgenic events for each construct were identified and characterized in detail.  Transgene inheritance and 
homozygous progeny were identified for each event by histochemical staining of endosperm.  GUS enzyme activities 
in homozygous mature seeds of each event were measured using a fluorimetric substrate.  GUS transgene copy num-
bers were measured by quantitative real-time PCR, using PinB as a single-copy reference gene.  The relationship of 
copy number to expression level for each of the four plant populations will be discussed.  These comparisons will show 
whether inclusion of large regions of flanking DNA in transformation constructions can buffer position effects in trans-
genic wheat.
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The transition from vegetative to reproductive development in wheat is mainly determined by the three vernalization 
genes VRN1, VRN2, and VRN3.  These genes have been cloned and characterized in recent studies on allelic variation 
that occurs between winter wheat, which requires exposure to low temperatures to accelerate the developmental transi-
tion (vernalization), and spring wheat, which requires no vernalization.  However, little is known about allelic variation 
in the flowering process among winter wheat cultivars that are practically categorized, based on their various require-
ments to vernalization, as weak winter, semi-winter, and strong winter types.  We developed a mapping population using 
a cross between the two winter wheat cultivars Jagger (low vernalization requirement) and 2174 (high vernalization re-
quirement) and mapped 96 F7:8 recombinant inbred lines using approximately 200 SSR markers.  Our preliminary results 
have shown that the vernalization requirement and flowering date were controlled by a major genetic locus and several 
minor modifiers.  Identification of genes located on this major locus controlling the vernalization requirement in winter 
wheat is in progress.
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Tan spot, caused by the fungus Pyrenophora tritici-repentis, causes serious yield losses in wheat and many other grasses.   
Race 1 of the fungus, which produces the necrosis toxin Ptr ToxA and the chlorosis toxin Ptr ToxC, is the most prevalent 
race in the U.S. Great Plains.  Wheat genotypes with useful levels of resistance to race 1 have been deployed, but this re-
sistance only reduces damage by 50-75%.  Therefore, new sources of resistance to P. tritici-repentis are needed.  Recom-
binant inbred lines developed from a cross between the Indian spring wheats WH542 (resistant) and HD29 (moderately-
susceptible) were evaluated for reaction to race 1 of the fungus.  Composite interval mapping revealed QTL on the short 
arm of chromosome 3A explaining 23% of the phenotypic variation and the long arm of chromosome 5B explaining 
27% of the variation.  Both resistance alleles were contributed by the WH542 parent.  The QTL on 5BL is probably tsn1, 
which was described previously.  The 3AS QTL (QTs.ksu-3AS) on 3AS is a novel QTL for resistance to P. tritici-repentis, 




